The number of times an article has been cited has often been used as a marker of the academic influence the article has on its area of medical expertise.^[@R1]^ Although the number of total citations is not the only variable determining an article\'s importance or impact, it provides some insights into identifying landmark scientific investigations within a field and can provide residency and fellowship directors with a collection of articles that may warrant inclusion into a standardized reading curriculum. Citation analysis has been used previously to identify influential works among various medical specialties.^[@R2][@R3][@R4][@R5][@R6][@R7][@R8][@R9][@R10][@R11][@R12]^ Within the orthopaedic literature, Lefaivre et al^[@R6]^ provided one of the first exhaustive investigations into the 100 most-cited articles in orthopaedic surgery using citation analysis. Using similar techniques, studies have been conducted with similar aims across several orthopaedic subspecialties such as shoulder surgery, pediatric orthopaedic surgery, fracture surgery, anterior cruciate ligament (ACL) research, and rotator cuff repair research.^[@R13][@R14][@R15][@R16][@R17]^ To our knowledge, no investigation on the most-cited works on lateral epicondylitis, or "tennis elbow," has been performed; this is a subject in which treatment strategies continue to be debated by experts today. The purpose of this study was to determine the 50 most-cited articles on lateral epicondylitis and to better characterize these works as a way to evaluate the current literature on this common orthopaedic condition.

Methods {#s1}
=======

Using previously described methods,^[@R6],[@R13],[@R14],[@R16]^ a systematic query of the Institute for Scientific Information Web of Science database (v5.22.3; Thomson Reuters) was performed using the Advanced Search tool on October 13, 2016. The authors expanded the search to include all journals, not only those listed under the Web of Science Category of "Orthopedics." The authors searched for all published articles with a topic listed as "lateral epicondylitis," or "tennis elbow." The retrieved articles were sorted according to the total number of citations, and the 50 most-cited articles were selected for analysis. The full text of each article was individually evaluated by two authors to ensure that the reviewed material was related to lateral epicondylitis.

For each of the 50 most-cited articles, the following characteristics were recorded: citation number, citation density, journal, publication year, country of origin, and language. Citation density was defined as the numbers of citations per year since the date of publication. Two independent evaluators characterized each article by type, including basic science, clinical, or diagnostic. Clinical articles were further subtyped as a systematic review or meta-analysis, randomized controlled trial, prospective or retrospective cohort study, case-control study, case series, cross-sectional study, review article, or expert opinion. The classification system developed by *The Journal of Bone and Joint Surgery* (JBJS) was used to determine the level of evidence for each clinical article.^[@R18]^ Interobserver agreement for analyzed subjective variables was 100% for article type, 100% for subtype, and 97.5% for level of evidence. Discrepancies between authors were resolved using consensus. The obtained results were analyzed to determine which characteristics were common among the included articles.

Results {#s2}
=======

A list of the 50 most-cited publications on lateral epicondylitis and their respective number of citations and citation densities can be found in Supplemental Digital Content 1 (see Table 1, <http://links.lww.com/JG9/A11>). In total, these articles were cited a combined 6,368 times in the literature. The number of citations ranged from 72 to 332 citations (mean, 127.4 ± 59.5), and citation densities ranged from 1.6 to 34.0 citations per year (mean, 9.4 ± 7.3). The two articles with the greatest number of citations were "Treatment of chronic elbow tendinosis with buffered platelet-rich plasma" by Mishra and Pavelko^[@R19]^ (332 citations) and "Tennis elbow: The surgical treatment of lateral epicondylitis" by Nirschl and Pettrone^[@R20]^ (314 citations). The randomized controlled trial titled "Positive effect of an autologous platelet concentrate in lateral epicondylitis in a double-blind randomized controlled trial: Platelet-rich plasma versus corticosteroid injection with a 1-year follow-up" by Peerbooms et al^[@R21]^ had the greatest citation density (34.0 citations per year) in this investigation.

The top 50 articles on lateral epicondylitis were published in 26 different journals, 13 of which only had a single publication on the list (see Supplemental Digital Content 2, Table 2, <http://links.lww.com/JG9/A12>). The largest number of articles (n = 7; 14%) were published in *The American Journal of Sports Medicine* (AJSM) followed by *The Journal of Bone and Joint Surgery---American Volume* (JBJS-AM) (n = 6; 12%). The publication years ranged between 1936 and 2013 (Figure [1](#F1){ref-type="fig"}). By decade, 48% were published in the 2000s, 34% from the 1990s, and 6% from the 1970s. Articles published in the 1970s had the greatest mean number of citations (211.3), whereas those published in the 2010s had the greatest mean citation density (25.6) (Figure [2](#F2){ref-type="fig"}). Over the past 3 decades, the citation density for articles on lateral epicondylitis has grown such that the mean citation density rose from 6.03 in the 1990s to 10.1 in the 2000s and 25.63 in the 2010s.

![Graph showing the number of 50 most-cited articles on lateral epicondylitis by decade of publication.](jagrr-2-e004-g001){#F1}
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The top 50 articles were published in, or originated from, 14 different countries. Articles were most commonly published in the United States (26%), followed by equal contributions from the Netherlands (16%) and England (16%) (see Supplemental Digital Content 3, Table 3, <http://links.lww.com/JG9/A13>). Six investigators were the lead authors on more than one investigation, with Nirschl RP being the only lead author on three investigations. Lead authors with two investigations on the top 50 list included Connell DA, Palmer K, Rompe JD, Smidt N, and Verhaar J.

Clinical, basic science, and diagnostic investigations made up 82%, 12%, and 6%, respectively, of the identified article subtypes (see Supplemental Digital Content 4, Table 4, <http://links.lww.com/JG9/A14>). Among clinical investigations, the most common subtypes found included randomized controlled trials (n = 12; 29.3%) and reviews (n = 8; 19.5%). Most clinical articles met the standard for level IV evidence (n = 23; 56.1%), whereas 36.6%, 2.4%, and 4.8% of studies fit criteria for level I, II, and III evidence, respectively (Figure [3](#F3){ref-type="fig"}).
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Discussion {#s3}
==========

Lateral epicondylitis affects 1% to 3% of the population and is the most commonly diagnosed musculoskeletal condition of the elbow.^[@R21][@R22][@R23]^ A number of treatment options have been developed for tennis elbow, yet the optimal management remains controversial. As such, it is important to identify and characterize the most widely cited investigations on lateral epicondylitis to provide practitioners with the studies that have helped our understanding of this pathology and provided evidence for various treatment options.

Our study identified the 50 most-cited articles pertaining to lateral epicondylitis. It should be noted that this list cannot be comprehensive because only two measures of impact (ie, citation number and density) were used as a proxy for academic influence. Citation frequency has been used as a marker of an article\'s impact on a specific specialty because it is an indicator of readership and influence on further research.^[@R24][@R25][@R26][@R27]^ We are aware that several articles may have been excluded despite having a significant impact on the understanding of lateral epicondylitis. However, we feel that this list includes a number of articles that have greatly contributed to the understanding of the pathoanatomy and surgical and nonsurgical treatments of lateral epicondylitis, which is evidenced by the fact that five of the articles in this top 50 cited list were also included in the American Shoulder and Elbow Surgeons elbow curriculum guide on lateral epicondylitis.^[@R28]^

Mishra and Pavelko^[@R19]^ had the most-cited article (332 citations), with the second highest citation density (33.2 citations per year), followed by the landmark publication on the surgical treatment of lateral epicondylitis by Nirschl et al^[@R20]^ (314 citations).^[@R16],[@R26]^ Mishra and Pavelko^[@R19]^ investigated the efficacy of platelet-rich plasma (PRP) injections as a modality for the nonsurgical management of lateral epicondylitis. Previously, nonsurgical management involved rest, NSAID medications, bracing treatment, physical therapy, extracorporeal shock wave therapy, and botulinum toxin; however, the superiority and efficacy of these treatments are unclear.^[@R29],[@R30]^ This article\'s position as a platform for the continued evaluation of PRP therapy can explain its high citation number. This claim is further supported by the inclusion of four other articles on our list comparing PRP with other injectable modalities (ie, corticosteroids, whole blood, and saline).^[@R21],[@R31][@R32][@R33]^ This includes the randomized controlled trial by Perbooms et al^[@R21]^ comparing PRP with corticosteroid injections for the treatment of lateral epicondylitis, which was found to have the highest citation density in this investigation (34.0 citations per year). These authors found that PRP was more effective than corticosteroids, with regard to pain reduction and increased function, with 24% and 22% more patients treated with PRP having improved visual analog scale and Disabilities of the Arm and Shoulder scale scores, respectively.^[@R21]^

The article titled "Tennis elbow: The surgical treatment of lateral epicondylitis" was also a foundational study that identified the characteristic histologic findings of fibroblastic invasion and vascular infiltration at the origin of the extensor carpi radialis brevis.^[@R20]^ These findings were later found to be consistent with the pattern of repetitive microinjury and attempted healing.^[@R34]^ The study also described a surgical approach, with elements still in practice today, involving incision of the extensor carpi radialis brevis origin and visualization and subsequent débridement of pathologic lesions. Last, the study provided initial outcome data in favor of surgical intervention and reassuring prognosis for return to sport.

Most articles included in our study were published in either AJSM or JBJS-AM, both well-regarded, high-impact orthopaedic journals based on the most recent (2016) Thomas Reuters Journal Citation Report.^[@R35]^ JBJS-AM had the highest impact factor of journals under the category "Orthopedics" with a score of 5.163, and AJSM was ranked third, with an impact factor of 4.517. Previous studies have examined the impact factor of orthopaedic journals and cite AJSM as the specialized orthopaedic journal with the greatest impact factor and JBJS-AM as the general orthopaedic journal with the greatest impact factor.^[@R36]^ In addition to their inclusion in high-impact journals, many of the articles on our most-cited list were performed under rigorous study designs as supported by their designations as level I studies. This scenario is in contrast to previous orthopaedic citation analyses. For instance, the number of level I and II evidence studies included in the top 50 articles published on ACL research, femoroacetabular impingement, and shoulder surgery were 6, 0, and 9, respectively.^[@R16],[@R17],[@R37]^ Furthermore, in an investigation on the 100 most-cited articles in orthopaedic surgery, Lefaivre et al^[@R6]^ found that \<10 articles were level I or II evidence. The reason for the relatively high number of level I and II evidence articles in the current investigation is twofold. First, compared with other orthopaedic pathologies, lateral epicondylitis is often successfully treated nonsurgically, making comparative investigations significantly easier for investigators to perform. As such, all 12 randomized controlled trials included in this investigation looked at various nonsurgical treatments. Second, there has been a more recent emphasis on evidence-based investigations, and most of the level I studies included in this list were published between 1996 and 2013.^[@R6],[@R16]^ This fact is in contrast to previous investigations reviewing the classic articles published on ACL research, shoulder surgery, and general orthopaedic surgery, which found that the most studies were published in the 1990s, 1970s, and 1970s, respectively.^[@R6],[@R16],[@R17]^ Interestingly, despite the recent, high-quality works on comparative treatments for lateral epicondylitis, the literature remains inconclusive on the ideal management.^[@R38]^

There are several limitations to our study. The small number of articles included on our list increases the possibility of excluding high-impact investigations on this subject. The specific inclusion of only 50 articles was selected because this value has been used in previous citation analyses of orthopaedic and clinical subspecialties.^[@R13],[@R16],[@R17],[@R37]^ Furthermore, to fulfill the ultimate purpose of serving as a reading curriculum for orthopaedic training programs, 50 articles were felt to be both appropriate and manageable for a postgraduate orthopaedic trainee. Our chosen measures of impact also exclude some cardinal articles on lateral epicondylitis, to which we would recommend future efforts to identify alternative measures of influence other than citation density (ie, inclusion in high-impact journals). There is also a risk that crossover studies examining specific treatments may extend over several disciplines or conditions and also affect citation density. For example, there is the possibility that citation analyses of PRP may include an abundance of lateral epicondylitis articles because this treatment is commonly implicated in its management. In addition, our list selectively includes only peer-reviewed articles and excludes any lectures, presentations, textbooks, or non--peer-reviewed literature that contributes to our knowledge of lateral epicondylitis.

Our chosen measures of influence are also at risk of confounding effects. For one, self-citation driven by partnering authors, journals, recency, article exposure time, and journal impact factor characterizes a phenomenon described by Lefaivre et al^[@R6]^ where the scientific community tends to favor the ongoing citation of articles because of a record of previous citations, rather than for content or quality. This fact would produce inflated citation rates and give an inaccurate assessment of an article\'s influence. There is also a question of publication bias where positive or controversial study results attract more attention and thus increased citations compared with studies reporting negative or no significant results. Although still possible, in high-impact orthopaedic journals such as JBJS, this bias seems to be reduced.^[@R39]^

Conclusion {#s4}
==========

This study identifies the 50 most-cited articles on lateral epicondylitis or "tennis elbow" and includes foundational investigations that have provided knowledge and understanding of the underlying etiology, pathophysiology, and treatment. This list may be used to aid in the education of orthopaedic residency and fellowship trainees because it serves as a source for establishing a reading curriculum on lateral epicondylitis. Many of the articles included were randomized controlled trials showing the modern-day emphasis on evidence-based medicine to evaluate outcomes for a condition for which the optimal management remains controversial.
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